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© Grooved-core cable with optical fibre ribbons and process for making the same. 



© The described ribbon optical fibre cable com- 
prises a cylindrical core (9) provided, on the outer 
surface thereof, with parallel grooves (10) extending 
in a helical manner along the cable axis, at least a 
pair of ribbons (1) being radially superposed within 
at least one of said grooves (10). Each ribbon (1a, 
lb, 1c, 1d, 1e) comprises a plurality of optical fibres 
(2) each of which is covered with a primary layered 
coating (3), and a common coating (4) covers all the 
optical fibres of the ribbon. The primary coating (3) 
is formed with a first layer (5) directly in contact with 
the fibres (2) and a second layer (6) external to the 
first layer (5), the modulus of elasticity of said first 
layer (5) being lower than the modulus of elasticity 
of said second layer (6). Applied to each ribbon (1a, 
1b, 1c, 1d, 1e) is a longitudinal tension greater than 
the longitudinal tension applied to the ribbon radially 
overlying the former. 

The process for making this ribbon optical fibre 
cable provides for the ribbons (1) being laid into the 
grooves by applying to each ribbon (1a, 1b, 1c, 1d. 
1e) a longitudinal tension greater than the longitudi- 
nal tension applied to the ribbon radially superposed 
thereto. 
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The present invention relates to a cable for use 
with ribbon optical fibres in which the optical fibre 
ribbons are housed within a grooved core, and the 
process to make the same. 

It is known that optical fibre cables are becom- 
ing increasingly more used for transmitting infor- 
mation, for example in telephone communication 
field. 

One of these cables is described in German 
Patent No. 25 07 583, which is a completive patent 
of German Patent No. 24 49 439. 

This cable comprises a strength member 
formed with steel wires, adapted to withstand the 
stresses to which the cable is submitted and ar- 
ound which a cylindrical core is integrally disposed, 
which core is provided, on the outer surface there- 
of, with parallel grooves extending in a helical man- 
ner relative to the axis of the cable. 

Optical fibre bundles or ribbons are housed in 
each of said grooves and a number of wrappings 
are disposed around the core. 

The sizes in section of the fibre ribbons 
housed in each groove are smaller than the sec- 
tional size of the groove itself and the optical fibres 
are disposed loosely and can freely move within 
the grooves. 

Another optical fibre cable is described in an 
article issued in the "International Wire & Cable 
Symposium Proceedings", 1986, by Nippon Tele- 
graph and Telephone Corporation, pages 17 to 23. 

In this cable several optical fibre ribbons are 
introduced into each helical groove so that they 
appear radially superposed to one another. The 
ribbons are substantially in tight relationship with 
respect to one another and are kept to the bottom 
of the helical grooves by slightly spring tensioning 
the ribbons. 

Another cable with ribbon optical fibres is de- 
scribed in the European Patent Application No. 
88102752.8 filed on February 24, 1988; in this 
application intervals are given within which deter- 
mined size ratios between each groove and the 
ribbons housed therein must be included. 

If these dimensional ratio values are respected 
an uneven distribution of the ribbons is prevented, 
the transmissive and mechanical strength features 
thereof being therefore enhanced. 

Optical fibre ribbons are described for example 
in the European Patent Application No. 86301846.1, 
wherein ribbons formed with several optical fibres 
are shown in which each fibre is provided with a 
protection sheath made of synthetic resins and the 
fibres are held together parallel to each other by a 
further sheath of synthetic resin; also described in 
this application is the technique for the manufac- 
ture of same. 

In the European Patent Application No. 
89202178 a process for the production of optical 
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fibre ribbons is disclosed and some mechanical 
features of the material composing them are also 
described. 

In accordance with the present invention it has 
5 been found that by applying a longitudinal tension 
of predetermined value to the mutually superposed 
ribbons in each groove, which tension has, for each 
ribbon, a greater value than the longitudinal tension 
applied to the ribbon radially superposed to the 
.70 preceding one, the generation of microbendings on 
the optical fibre is prevented (which would give rise 
to undesired signal losses) even when the cable is 
submitted to thermal expansions or contractions of 
great amount. 

is The present invention relates to an optical fibre 

telecommications cable comprising at least a first 
and a second ribbon of optical fibres, each pro- 
vided with at (east a primary layered coating com- 
prising a first layer, in contact with the optical fibre, 

20 having a lower modulus of elasticity than a second 
layer external thereto, a housing structure forming 
at least a closed housing for said ribbons, extend- 
ing in a helical manner along the groove axis and 
closed to the outside by a wall, in which the 

25 ribbons are radially superposed, and a pulling ele- 
ment, characterized in that said first ribbon is lo- 
cated in the housing so that it may exert a first 
pressure on the bottom thereof at a temperature of 
20 "C, and said second ribbon is located in the 

30 housing so that it may exert a second pressure 
lower than the first pressure on said first ribbon or 
on the radially underlying ribbon, the value of said 
first pressure and the ratio between said second 
pressure and said first pressure being such that an 

35 important radial travel of both ribbons to the out- 
side of the housing is prevented correspondingly to 
a temperature decrease as far as a predetermined 
value, and respectively, that said first ribbon is 
prevented from moving away from the housing 

40 bottom by a distance greater than the moving-away 
distance covered by the second ribbon. 

Preferably said predetermined temperature val- 
ue ranges between -40 and 0*C. 

In keeping with one aspect of the invention, it 

45 relates to a cable, as previously stated, in which at 
a temperature of 20 *C the longitudinal tension 
value in at least the radially innermost ribbon in 
said housing is lower than or equal to a value that 
becomes zero, due to the thermal contraction of 

so the core, at the temperature corresponding to an 
increment of the modulus of elasticity of said first 
layer beyond a predetermined value, preferably 
lower than or equal to 50 MPa. 

In keeping with a second aspect of the inven- 

55 tion, it relates to a cable in which the elastic 
tension of the radially innermost ribbon in each 
housing has such a value that it corresponds to a 
contact of said ribbon with said outer wall to the 

2 



EP 0 503 469 A2 



same temperature as the minimum operating tem- 
perature provided for the cable or to a lower tem- 
perature. 

Preferably, in a cable of the above described 
type the value of the longitudinal tension applied to 
the radially innermost ribbon in each housing is 
lower than a value that becomes zero, due to the 
thermal contraction of the core, to the temperature 
corresponding to the decrease under 10 of the ratio 
between the moduli of elasticity of said second and 
first layers of the fibre primary coating. 

In keeping with another aspect of the invention, 
the elastic longitudinal tension applied to each of 
said ribbons is provided to be stepwise decreasing 
from the innermost to the outermost ribbons. 

In particular said elastic longitudinal tension in 
each of said ribbons is in the range of 15 g to 150 
g for each optical fibre present in each ribbon, at a 
temperature of 20 * C. 

In keeping with another aspect, the value of the 
elastic elongation existing in each ribbon by effect 
of the applied tension is included between 0.2 per 
thousand and 1 .8 per thousand, at a temperature of 
20 

In greater detail, said tension applied to each 
of said ribbons corresponds to a difference in the 
elastic elongation between one ribbon and the rib- 
bon radially superposed thereto included between 
0.05 per thousand and 0.4 per thousand, at a 
temperature of 20 * C. 

Preferably the tension reduction to zero at least 
in the radially outermost ribbon due to the thermal 
contraction of the core occurs at a temperature 
lower than or equal to the minimum operating tem- 
perature provided for the cable. 

In a preferred embodiment, in a cable in accor- 
dance with the present invention the space existing 
between the radially outermost ribbon and said 
outer wall is lower than 1 .5 times the ribbon thick- 
ness. 

Preferably the helix pitch in the housings is in 
the range of 200 mm to 1000 mm. 

In keeping with a further aspect thereof, it is an 
object of the present invention an optical fibre 
telecommications cable comprising: 

- a cylindrical core provided on the outer sur- 
face thereof with at least a groove extending 
in a helical manner around the cable axis; 

- two or more ribbons radially superposed with- 
in at least one of said grooves, each of said 
ribbons comprising a plurality of optical fibres 
disposed in side by side relation, each fibre 
being covered with a primary layered coating 
in which a first layer directly in contact with 
the fibre has a modulus of elasticity lower 
than a second layer external thereto, said 
fibres being further covered with a common 
coating, 



- an outer wall defining, in cooperation with , t 
said grooves, corresponding closed housings 

in which said optical fibre ribbons are lo- 
cated, 

5 - a pulling element, 

characterized in that said ribbons are in a state of 
longitudinal elastic tension, the tension present in 
the innermost ribbon in contact with the respective 
groove bottom being greater than the longitudinal 

10 tension present in the outermost ribbon facing said 
outer wall. 

Preferably the diameter of said cylindrical core 
is in the range of 4 mm to 20 mm. 

In a preferred embodiment the cylindrical core 
75 has an inner strength member coaxial therewith. 

More preferably, the inner strength member of 
the cylindrical grooved core is made of fibre-re- 
inforced plastic material. 

According to a preferred embodiment the pull- 
20 ing element is disposed at the outside of the 
grooved core. 

More preferably the pulling element is geomet- 
rically de-coupled from the core. 

tn a preferred embodiment the pulling element 
25 is formed with filiform cord like elements made of a 
tension-resisting material. 

In keeping with a still further aspect thereof, the 
present invention relates to a process to make a 
grooved-core cable for ribbon optical fibres com- 
30 prising the steps of: 

- forming a cylindrical core provided with one 
or more grooves extending in a helical man- 
ner along its axis, 

- keeping said grooved core in an extended 
35 condition in a predetermined elastic tension 

state, 

- putting at least a pair of ribbons in at least 
one of said grooves in a radially superposed 
relation, each of said ribbons comprising a 

40 plurality of optical fibres each having a pri- 

mary layered coating comprising one layer in 
contact with the optical fibre and a second 
layer external to said first layer, and a secon- 
dary coating common to said optical fibres 

45 forming one ribbon, the modulus of elasticity 

of said first layer being lower than the 
modulus of elasticity of said second layer, 

- applying an outer wall around said cylindrical 
core, which wall, in cooperation with said 

so grooves, defines corresponding closed hous- 

ings in which said optical fibre ribbons are 
located, 

- applying a pulling element to said core, 
characterized in that during the step in which the 

55 ribbons are put into the grooves, the ribbons them- 
selves are kept in an elastic longitudinal tension 
state giving rise to an elastic deformation in the 
ribbons substantially greater than that of the 
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grooved core, said longitudinal tension applied to 
each ribbon being greater than the longitudinal 
tension- applied to the ribbon radially external to the 
former. 

Preferably, in the above described process, 
said elastic longitudinal tension applied to each of 
said ribbons is included between 15 g and 150 g 
for each optical fibre present in each of said rib- 
bons at a temperature of 20 "C; the value of the 
percent elongation produced on each ribbon by 
effect of the applied tension is comprised between 
0.2 per thousand and 1.8 per thousand at a tem- 
perature of 20 * C. 

In one embodiment of the above process, the 
tension applied to each of said ribbons corre- 
sponds to a variation in the elongation between one 
ribbon and the ribbon radially overlying it in the 
range of 0.05 per thousand to 0.4 per thousand, at 
a temperature of 20 * C. 

In particular, during the step in which the rib- 
bons are put into said grooves, said cylindrical core 
is submitted to a longitudinal pulling action causing 
an elongation of said core not higher than one per 
thousand, at a temperature of 20 "C. Preferably, 
the core elongation is of the elastic type. 

In a preferred embodiment of the process of 
the invention, the cylindrical-core formation step 
comprises the extrusion moulding of the core co- 
axially about an inner cylindrical strength member. 

In the above preferred embodiment, still pref- 
erentially the inner cylindrical strength member is 
made of a fibre-reinforced plastic material. 

In addition, in a preferred embodiment of the 
process of the invention, the application of the 
pulling element to said core comprises the step of 
disposing an armouring of pull-resisting fibres ar- 
ound said outer wall. 

Further details will become more apparent from 
the following description given with reference to the 
accompanying drawings, in which: 

- Fig. 1 is a perspective view of an optical fibre 
ribbon in which the fibre coatings are step- 
wise interrupted; 

- Fig. 2 is a cross sectional view of a ribbon 
optical fibre cable in accordance with the 
present invention; 

- Fig. 3 is a perspective view of a core portion 
of the cable shown in Fig. 2; 

- Fig. 4 is a diagram showing the variation in 
the moduli of elasticity of the coatings of the 
optical fibre ribbons, as well as the side pres- 
sures acting on the ribbons disposed in a 
cable in accordance with the invention, de- 
pending upon temperature. 

As shown in Fig. 1, an optical fibre ribbon 1 is 
formed with several optical fibres 2, four for exam- 
ple, provided with polymeric coatings, substantially 
consisting of a primary layered coating 3 asso- 
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ciated with each individual fibre 2, and a common 
coating 4 external to the primary layered coating 3, 
enclosing all optical fibres 2 belonging to the same 
ribbon 1 and holding them together. 
5 The primary coating 3 of each fibre 2 in turn 

comprises one layer 5 in direct contact with the 
fibre and a second layer 6 applied to the first layer 

5 and surrounding it. The modulus of elasticity of 
the material selected for the first layer 5 is lower 

io than the modulus of elasticity of the material used 
for the second layer 6 of the primary coating 3; the 
modulus of elasticity of the common coating usu- 
ally is of a value similar to that of the second layer 

6 in the primary coating. 

is The materials and features of the fibre coatings 

for the formation of ribbons of the above type are 
known in the field and therefore will not be further 
described; for example the materials of the primary 
and common coatings are formed with synthetic 

20 thermosetting resins such as epoxi-acrylates, poly- 
urethane acrylates, acrylated polyesters, acrylated 
silicones or mixtures thereof and the like having the 
appropriate characteristics. 

Optical fibre ribbons adapted for use in cables 

25 in accordance with the invention can for example 
have a width of about 1.2 mm and a thickness of 
about 0.4 mm in the case of four-fibre ribbons. 

Shown in Fig. 2 is a preferred embodiment of a 
cable of the invention housing the above described 

30 optical fibre ribbons. 

As shown in fig. 2, the cable 7 is comprised of 
a cylindrical strength member 8 formed with 
fibreg lass-reinforced plastics and surrounded by a 
cylindrical core 9 of polymeric material, preferably 

35 made of polyethylene or polypropylene and having 
a diameter in the range of 4 mm to 20 mm. 

The cylindrical core 9 is provided, on the outer 
surface thereof, with five parallel grooves 10 ex- 
tending in a helical manner along the core axis. 

40 Housed in each of the grooves 10, radially 

superposed with respect to each other, are several 
optical fibre ribbons 1, five in the embodiment 
shown. 

In particular, there is one optical fibre ribbon 1a 
45 in contact with the groove 10 bottom and a second 
ribbon le facing the external part of the groove. In 
this example intermediate ribbons 1b, 1c, 1d are 
interposed between the first and second ribbons 1a 
and 1e, which involves the presence of a total 
so amount of five ribbons 1a, 1b, 1c, id and 1e 
disposed in radially superposed relation. 

Ribbons la, 1b, 1c, id and 1e housed in each 
groove 10 are submitted to a longitudinal tension 
state; this tension, at the room temperature of 
55 20 * C has a value in the range of 60 g to 600 g per 
ribbon, respectively corresponding to a value of 15 
g to 150 g for each fibre 2 present in each ribbon. 
This tension applied to optical fibre ribbons of the 

4 
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above described type, corresponds to an elonga- 
tion of the ribbons included between 0.2 per thou- 
sand and 1.8 per thousand. 

In addition, the longitudinal tension applied to 
one ribbon 1a, lb, 1c, 1d and 1e is greater than 
the longitudinal tension applied to the ribbon that is 
radially superposed to the former; in particular, the 
detectable difference in the elastic elongation be- 
tween two adjacent ribbons 1a, 1b, 1c, 1d. 1e at 
the temperature of 20 'C has a value ranging be- 
tween 0.05 per thousand and 0.4 per thousand. 

In a cable as described by way of example, the 
longitudinal tensions applied to the ribbons 1a, 1b, 
1c, 1d and 1e which are superposed in succession 
starting from the corresponding groove 10 bottom 
are equal to 330 g, 300 g, 270 g, 240 g and 210 g; 
this cable is adapted to operate as far as a mini- 
mum temperature approximately of -40 *C. For op- 
erating at a higher minimum temperature, just as 
an indication in the order of -20 ' C, a cable of the 
above structure has been provided in which the 
longitudinal tensions of the ribbons are equal to 
220 g, 200 g, 180 g, 160 g and 140 g. 

The strength member 8 made of fibreglass- 
reinforced plastics has a diameter equal to 4.0 mm, 
whereas the core 9 made of polypropylene, has a 
diameter equal to 10 mm. The core 9 is provided 
with five helical grooves 10; for both the above 
cables the helical pitch of the grooves is arranged 
to be in the order of 350 mm. 

Each groove 10 has a width of about 1.60 mm 
and a maximum depth of approximately 2.2 mm 
and accommodates five four-optical fibre ribbons of 
the above described type having a width of 1.2 mm 
and a thickness of 0.4 mm. 

Disposed around said cylindrical core 9 is an 
outer wall 11 defining, in cooperation with said 
grooves 10, corresponding closed housings in 
which the optical fibre ribbons 1a, 1b, 1c, 1d, 1e 
are located. 

The wall 1 1 is formed with a layer of synthetic 
tapes 12; in the example shown an inner 0.8 mm 
thick sheath 13, made of polyurethane or similar 
elastomeric material is provided externally of the 
tapes 12 and it is surrounded by a pulling ar- 
mouring 14 consisting of two rings of aramidic 
fibres each formed with 14 yarns and wound in 
opposite helical; the stiffness of the armouring, that 
is the product of its resistant area by its modulus of 
elasticity is equal to 212,000 kg. 

The aramidic fibre armouring has a stiffness 
which is about three times the stiffness of the 
grooved core, that is it supports at least 75% of the 
axial tensile load that may be applied to the cable, 
for example during the laying step. It is to be noted 
that the strength contributions offered by the re- 
maining parts of the cable are negligible. 

Provided externally to the armouring is the 



moisture barrier made of corrugated steel 15 and 
the outer sheath 16 made of polyethylene or the 
like, as far as an overall diameter of 19.5 mm is 
reached. 

s The process to make the ribbon optical fibre 

cable is as follows. 

The cylindrical core 9 provided with the helical 
parallel grooves 10 is extruded over a cylindrical 
strength member 8. 

10 Subsequently the cylindrical core 9 is submit- 

ted to a longitudinal pulling action of a limited value 
that is included between 1 kg and 7 kg in order to 
extend the core itself thereby bringing about a 
slight elongation of the same, of the elastic type 

T5 and not higher than 1 per thousand. 

By way of example, the longitudinal tension to 
which the cylindrical core is submitted can be of 
about 4 kg to which an elongation of the core itself 
substantially in the order of 0.06 per thousand 

20 corresponds. 

While the core 9 is being held in this condition 
the ribbons 1a. 1b, 1c, 1d and 1e are disposed in a 
radially superposed relation in each of the grooves 
10. 

25 As is clear from the above description, the 

individual ribbons 1a, 1b, 1c, 1d. 1e are introduced 
into the grooves 10 by the application thereto of 
elastic tensioning conditions of a stepwise decreas- 
ing amount so as to give rise to the cited elastic 

30 tension values in the finished cable. 

After optionally introducing a filler in the fluid 
state into the grooves 10, such as buffer grease 
having hydrogen absorbing properties, a layer of 
synthetic tapes 12 forming the outer wall 11 is put 

35 around the core 9 thereby defining, in cooperation 
with the grooves 1 0, the closed chambers in which 
the ribbons are contained. 

In order to complete the cable structure, in the 
preferred embodiment shown an inner sheath 13 of 

40 elastomeric material is then put in place and a tight 
armouring 14 of pull resisting fibres is disposed 
around it; subsequently two or more layers forming 
a moisture barrier and a covering are disposed 
around the armouring 14, said layers comprising a 

45 moisture barrier 15 of corrugated steel and an 
outer sheath 16 of elastomeric material. 

The above described cable is adapted for use 
between a minimum operating temperature in the 
range of -20 "C to -40 "C and a maximum operat- 

50 ing temperature in the range of + 50 * C to + 80 * C. 

This application range is made possible by the 
structure and application conditions of the fibre 
ribbons in the cable. 

Ribbons 1a, lb, 1c, Id, 1e, as viewed from Fig. 

55 3 where for the sake of clarity only one groove 10 
is shown in full, are accommodated within the 
grooves 10 which have a helical profile. As a result, 
the smaller is the helix pitch P described by the 
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grooves, the greater the bending to which the rib- 
bons are submitted, the outer diameter of the core 
9 being equal. 

Said bending in combination with the elastic 
longitudinal tension proper to the ribbons, results in 
a side pressure towards the groove bottom as 
regards the innermost ribbon 1a and towards the 
underlying ribbon as regards the other overlying 
ribbons. 

The value of this pressure is proportional to the 
longitudinal tension and bending undergone by the 
ribbons. 

Preferably, the pitch of each helical groove 10 
ranges between 200 mm and 1000 mm and takes 
into account two opposite requirements, i.e. that of 
maintaining the bending imposed to the ribbons 
within given limits and that of reducing the influ- 
ence exerted on the ribbons by the thermal expan- 
sions and contractions of the cable. 

In fact when the cable is submitted to tempera- 
ture variations it expands and contracts in a con- 
gruent manner; the coefficient of thermal expansion 
of the overall structure, depending on the coeffi- 
cient of thermal expansion of the individual materi- 
als forming it and the respective stiffnesses, is 
remarkably greater than the coefficient of thermal 
expansion of the ribbons 1a. 1b. 1c. 1d and 1e, 
substantially corresponding to that of the glass. 

Therefore temperature variations in the cable 
result in different size variations of the cable struc- 
ture and in particular, due to the congruence of the 
structure, of the core 9 structure with respect to the 
ribbons. 

As a result, each temperature variation brings 
about a variation in the elastic tensioning state of 
the ribbons 1a, 1b, 1c. 1d, 1e and therefore in the 
specific pressure according to which the ribbons 
are pressed against the inner groove walls. 

In the diagram of Fig. 4 curves denoted by a, 
b, c, d, e, represent the pressure variations acting 
on ribbons 1a, 1b, 1c, 1d, 1e, respectively, due to 
the thermal expansion or contraction undergone by 
the central core 3 upon temperature variations. The 
side pressure values acting on the ribbons can be 
detected by the g/mm 2 scale reproduced on the 
right-hand ordinates in the diagram. 

When the temperature falls beyond a given 
value, following the core 9 contraction, the individ- 
ual ribbons la, 1b, 1c, 1d. 1e one after the other 
starting from the outermost ribbon le reduce their 
tensioning to zero and, as a result, the correspond- 
ing side pressure value. 

In the diagram shown in Fig. 4 the temperature 
values to which the reduction to zero of the side 
pressure of the individual ribbons 1a, 1b, 1c, 1d, 1e 
corresponds have been denoted by Ta, Tb, Tc, Td, 
Te, respectively. 

The presence of a possible radial space in the 
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grooves 10 between the outermost ribbon 1a and 
the wall 1 1 , causes the side pressure on the rib- 
bons la, 1b, 1c, Id, 1e to be of zero value over a 
certain temperature interval dependent on said 

5 space, under said values Ta, Tb, Tc, Td, Te. 

In particular, in order to keep the radial busi- 
ness of the cable within given limits, this radial 
space in the grooves is preferably maintained with- 
in the minimum value which, taking into account 

;o the manufacture conditions, excludes the possibility 
that the outermost ribbon should project from the 
cylindrical surface of the core 9. In fact, in this 
case the ribbon would be exposed to mechanical 
stresses transmitted from the outside, particularly 

75 in the form of radial compressions, which would 
lead to unacceptable attenuations in the fibre sig- 
nals. 

Preferably the value of the radial space is 
provided to be lower than 1 .5 times the thickness 

20 of a ribbon and in general, more preferably, this 
space is maintained within the minimum value that 
can be achieved in connection with the adopted 
materials and working techniques and that at the 
same time will be consistent with the above re- 

25 quirements. 

If this space is present, in a certain tempera- 
ture interval a size variation of the grooved core 9 
is likely to be present between the condition in 
which the outer ribbon 1a tension is reduced to 

30 zero and the condition in which the ribbon 1e is 
brought into contact with the outer wall 11; at said 
possible temperature interval the side pressure act- 
ing on said ribbon is substantially zero and the 
ribbon position in the groove is undetermined. 

35 On a further temperature reduction in the cable 

the side pressure on the individual ribbons 1a, 1b, 
1c, Id, 1e increases again starting from the out- 
ermost ribbon 1e. This new pressure increase is 
caused by the fact that the ribbons 1a, 1b, 1c, 1d, 

40 le initially compressed towards the groove 10 bot- 
tom, are brought into contact with the outer wall 1 1 
formed with the layer of tapes 12 and are radially 
thrusted against it since they tend to move away 
from the core 9 centre by effect of their being 

45 thermally contracted to a lower degree relative to 
the core 9. 

On selecting the longitudinal tensioning to be 
given to the individual ribbons 1a, 1b, 1c, 1d, le, 
due attention has been paid to the fact that on 

so varying the temperature, within the range of the 
use temperatures currently provided for the cable, 
a corresponding variation in the moduli of elasticity 
of the materials of the first layer 5 and second 
layer 6 in the ribbon primary coating 3 occurs. 

55 In fact it has been observed that in accordance 

with the present invention, in the temperature range 
within which the operating temperatures of the ca- 
ble fall, that is, by way of example only, between 

6 
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-40* C and +80* C, a temperature decrease brings 
about a gradual increase, with a slight sloping, of 
the modulus of elasticity K' of the material used for 
the second coating layer. This increase of the 
modulus of elasticity is indicated by curves Ki ' and 
K2' in Fig. 4 reference being made to two possible 
materials to be used for this layer. 

The modulus of elasticity K of the materials of 
possible use for the first layer 5 as shown by 
curves Ki, K 2 relating to two of such materials, on 
the contrary, exhibits an increase having a low 
gradient as far as temperature decreases beyond a 
given value T' are reached; when temperatures are 
lower than T\ the modulus of elasticity K of the 
first layer 5 grows in a very marked manner. 

The temperature value T' is generally com- 
prised between + 10*C and -30* C. The increase 
of the modulus of elasticity of the common coating 
4 on temperature decreasing is moderate and has 
a substantially constant sloping as shown by curve 
K" in Fig. 4 relating to a material adapted for the 
purpose; the material of the common coating has a 
modulus substantially of the same value than the 
second layer 6. The values of said moduli of elas- 
ticity in MPa can be detected from the logarithmic 
scale reproduced on the left-hand ordi nates in Fig. 
4. 

It has been found that when the cable operates 
under relatively high temperature conditions, the 
primary coating 3 and the common coating 4 are 
adapted to efficiently protect the optical fibres 2 
from microbending phenomena and from the con- 
sequent signal attenuations, due to localised pres- 
sures transmitted to the ribbons la, 1b, 1c, Id, 1e 
by effect of micro-asperities present on the inner 
walls of the grooves 10 or on the surface of the 
adjacent ribbons. 

Actually, at temperatures higher than the room 
temperature of 20 *C. the inner layer 5 of the 
primary coating 3 has a low modulus of elasticity, 
in the order of 1.5 +3 MPa depending upon the 
type of material used, which practically remains 
constant in the interval between +10 and +60*C; 
this low modulus enables outer stresses to be 
avoided and in particular prevents the side pres- 
sure on the ribbons from giving rise to microben- 
dings in the optical fibres 2. 

At temperatures higher than room temperature 
therefore it is possible to accept a relatively high 
side pressure on the ribbons without the occur- 
rence of an important attenuation in the transmitted 
signals; as a consequence a thermal expansion of 
the cable and by congruence of the core 9 can be 
permitted until temperatures of 50" C to 80* C. 

At lower temperatures, until the second layer 6 
and common coating 4 have a relatively high 
modulus, in the order of 500 to 1100 MPa. while 
the first layer 5 is still keeping a low modulus of 



elasticity, preferably lower than 5 MPa, the layer 6 
and coating 4 substantially behave like an armour 
withstanding said localised pressures, while the 
first layer 5. due to its moderate modulus of elas- 
5 ticity, lends itself to an elastic yielding in order to 
absorb the localised deformations that the second 
layer 6 and common coating 4 may be lead to 
undergo, without microbendings being transmitted 
to the fibres 2. 

io In the presence of an increase in the modulus 

of elasticity of the first layer, a state of tension and 
a consequent side pressure can be held in the 
ribbons the value of which progressively decreases 
as far as the ratio between the moduli of elasticity 

is of the second layer 6 (or the common coating) and 
the first layer 5 keeps a value higher than 10 and 
preferably higher than 50. 

At lower temperatures, on the contrary, the 
capability of the primary and secondary layers to 

20 efficiently perform their protection functions is 
greatly reduced. 

This is due to the strong increase in the 
modulus of elasticity of the first layer 5 and the 
consequent decreasing under a value that has 

25 been identified as critical of the ratio existing be- 
tween the values of the moduli of elasticity of the 
second and first layers 6 and 5. 

In fact when the ratio between said moduli 
goes under 10, or preferably under 50. if the rib- 

30 bons 1a. 1b, 1c, 1d, 1e should be submitted to 
important side pressures, the micro-asperities 
present on the surfaces with which the ribbons are 
brought into contact, such as grooves 10, wall 11 
or adjacent ribbons, would transmit microbendings 

35 that would reach the optical fibres 2, thereby bring- 
ing about signal attenuations. 

In accordance with the present invention, ten- 
sionings of ribbons 1a, 1b, 1c, 1d, 1e at the tem- 
perature of 20 * C are therefore selected so that the 

40 temperature Ta at which the elastic tension be- 
comes zero at least in the radially innermost ribbon 
1a may enable the ratio between the modulus of 
elasticity K' of the first layer 5 not to be lower than 
10 and preferably not to be lower than 50. 

45 For the purpose of selecting the tensionings of 

ribbons 1a. 1b, 1c, 1 d, 1e, it has been also consid- 
ered the condition according to which, correspond- 
ingly to the temperature Ta at which the reduction 
to zero of the elastic tension at least in the radially 

so innermost ribbon 1a takes place, the modulus of 
elasticity of the first layer 5 is not higher than 50 
MPa. 

The adoption of the above expedients 
(preferably of the strictest one of the expedients in 
55 connection with the materials used) avoids a side 
pressure being applied to the fibre as a result of 
the tension applied to the ribbons, when the fibre is 
in a condition of weak protection. 
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By the application of decreasing tension to the 
ribbons la, lb, ic, id, le, in particular from the 
innermost ribbon 1a to the outermost one 1e, the 
occurrence of compression effects on the inner 
ribbons by the outer ribbons when the operating 5 
temperature goes under the value Ta is avoided. In 
fact, considering only the first radially innermost 
ribbon 1a and the second radially outermost ribbon 
1e for the sake of simplicity, one can see that the 
first ribbon 1a is accommodated in the groove 10 io 
so as to exert a first pressure on the bottom thereof 
at a temperature of 20 *C, and the second ribbon 
1e is laid in the groove 10 so that it may exert a 
second pressure lower than the first one on said 
first ribbon 1a or on the ribbon radially more inter- is 
nal relative to it. 

Said first pressure and the ratio between the 
second and first pressures are of such a value that 
said first ribbon la is prevented from tending to 
move away from the groove 10 bottom by a great- 20 
er distance than the moving-away distance of the 
second ribbon le. 

In addition it is noted that the radially decreas- 
ing intensity of the tensioning of ribbons 1a, 1b, 1c, 
1d, 1e, makes it possible to adopt pretensioning of 25 
a relatively high value without running the risk of 
compressing the innermost ribbons too much 
against the inner walls of grooves 10 at high tem- 
perature. 

The minimum longitudinal tension value die- 30 
tated to the ribbons at 20 * C (15 g/fibre) is selected 
for the purpose of avoiding the occurrence of an 
important increase in the modulus of elasticity of 
the first layer 5 before the occurrence of the reduc- 
tion to zero or at least an important reduction in the 35 
longitudinal tensioning of the individual ribbons 1a, 
1b, 1c, 1d, 1e, and therefore in the side pressure 
corresponding thereto, by effect of the thermal 
contraction of the core 9. 

Preferably the tensioning values of ribbons 1a, 40 
1b, 1c, 1d, le are so selected that the tension 
reduction to zero at least in the innermost ribbon 
1a takes place at a temperature value lower than or 
equal to the minimum operating temperature of the 
cable 1; thus ribbons 1a, 1b, 1c, 1d are prevented 45 
from undergoing an important radial travel so as to 
leave the close-lying position within the respective 
groove at a low temperature. 

Within the scope of the present invention it is 
however also included the possibility of extending 50 
the minimum limit of the operating temperature of 
the cable by utilising the possible radial space 
between the ribbons and the wall 1 1. 

Under these conditions the value of the elastic 
tension imparted to the radially outermost ribbon 55 
1e in combination with said possible radial space 
existing between the ribbon itself and said outer 
wall 11, can. be of such an extent that it cor- 
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responds to a contact of the ribbon 1e with the 
outer wall 1 1 at a temperature lower than or equal 
to the minimum operating temperature T mln pro- 
vided for the cable. 

As a result of this, all possibilities that within 
the range of use of the cable a side pressure may 
occur on the ribbon, and in particular on the out- 
ermost ribbon 1e are excluded when the protective 
fibre coating is in the least favourable conditions for 
exerting its armour function as above described. 

In particular, the value of said first pressure 
and the ratio between said second pressure and 
the first pressure are of such an extent that an 
important radial travel of the ribbons 1a, 1b, 1c, 1d, 
le towards the outside of the groove 10 is ex- 
cluded in register with a temperature decrease until 
a predetermined value at least lower than or equal 
to 0 ' C and preferably included between -40 " C 
and O'C; as an indication only, an important radial 
travel is a travel 50% greater than the space, if 
any, existing in the grooves. 

The previously specified maximum value of the 
longitudinal ribbon extension at 20 *C (150 g/fibre) 
is provided for the purpose of avoiding too great a 
tension in the ribbons taking place at the maximum 
operating temperature of the cable, due to the 
thermal expansion undergone by the core 9, which 
great tension would cause attenuations in the fi- 
bres, in spite of the damping effect performed by 
the inner layer of the primary coating. 

By way of example only, the above specified 
maximum tension value is permissible for a cable 
in which the provided maximum operating tempera- 
ture reaches 80 * C. 

Based on particular requirements other cable 
structures can also be provided, particularly adapt- 
ed to give the cable the strength requirements 
needed for the specific applications. 

A cable in accordance with the invention, in its 
general form comprises several optical conductors 
consisting of optical fibres provided with a primary 
layered coating, preferably gathered to form optical 
fibre ribbons, a housing structure for said conduc- 
tors, for example comprising a grooved core, 
adapted to keep them confined in a given position 
and to protect the conductors against loads radial 
or transverse to the cable, and a pulling element, 
consisting for example of the peripheral armouring 
made of aramidic fibres adapted to withstand the 
tensile loads applied to the cable, for example 
during the laying thereof. 

In accordance with the present invention the 
longitudinal pulling efforts are absorbed in the ca- 
ble by the peripheral armouring of aramidic fibres, 
geometrically de-coupled from the grooved core; 
the size variations in the longitudinal direction, 
mainly of thermal nature, are controlled by the 
strength member provided in the grooved core, 
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which strength member does not help to an impor- 
tant degree (for example greater than 20 to 30%) in 
the pulling resistance of the cable (which is roughly 
calculated as the sum of the resistances of the 
aramidic armouring and the strength member) in 
the presence of optical fibre ribbons contained in 
said core in operational combination therewith, but 
is adapted to improve the cable performance in the 
presence of size variations, in particular at low 
operating temperatures. 

Provision may be made for other elements, 
such as sheaths and the like, depending upon the 
specific application requirements of the cable. 

For example, for applications in which a high 
tensile strength is necessary, the size ratios be- 
tween the grooved core and the aramidic armour- 
ing can be conveniently modified, in order to make 
the armouring still more adapted to withstand the 
pulling action to which the cable can be submitted. 

The housing structure of the conductors is gen- 
erally responsible for a prevailing part of the cable 
size variations of thermal nature. 

In fact this structure usually exhibits a relatively 
high section and its thermal contraction in com- 
bination with its stiffness influences the cable con- 
traction as a whole. 

Under these conditions it is therefore conve- 
nient that this housing structure be geometrically 
separated from the cable pulling element in order 
to enable the selection of more appropriate sizes 
and materials for said structure from the point of 
view of its thermal behaviour. 

In particular for the purpose it is convenient 
that the groove core should possess a strength 
member having a low coefficient of thermal expan- 
sion and contraction and high stiffness. 

The embodiment of the invention is applicable 
to cables having different construction and use 
features but it is particularly appropriate in case of 
cables the structure of which is particularly sub- 
jected to thermal contraction and expansion phe- 
nomena, as in the case of a strength member of 
small diameter, made of fiberglass-reinforced resin 
and a core of plastic material; therefore above all in 
this particular case the invention enables the range 
of use temperatures to be extended without involv- 
ing important signal attenuations in the fibres, while 
at the same time keeping the outer cable bulkiness 
within reduced limits. 

Therefore the invention enables very reliable 
optical fibre cables to be accomplished which are 
exempt from signal attenuation phenomena even 
when the range of the operating temperatures is 
very high. 

The relatively high tensioning imparted to rib- 
bons 1a, lb, 1c, 1d ( 1e, in addition enables any 
risk of anomalous stresses on the optical fibres due 
to possible bending deformations imposed to the 



cable during the production and/or setting-up there- 
of to be efficiently eliminated, said deformations 
being for example due to a bad positioning of the 
ribbons as the latter are kept tight in the grooves, 
s To the ends of the present invention as it has 

been hereinbefore described, a leading role is 
played by the tensions of the ribbons in the 
grooves, whereas the possible excess space 
present in the grooves in the radial direction does 
io not play a leading role. 

Said excess space can be remarkably greater 
than the sum of the ribbon thicknesses (even 
twice), and in this case too the ribbons do not run 
the risk of taking a wrong positioning due to the 
is space they have at their disposal. 

For the above reason the same grooved core 
having particular size features can be used to ob- 
tain a cable adapted to accommodate a smaller or 
greater number of ribbons. 
20 While the present invention has been de- 

scribed in detail with reference to a cable housing 
optical fibre ribbons in which the innermost layer of 
the fibre coating has a lower modulus of elasticity 
than the layer disposed external thereto, it also 
25 applies to cases in which the common ribbon 'coat- 
ing or other coatings present in the ribbons are 
made of several layers. 

In particular the above exposed concepts can 
apply to each case in which the optical fibre rib- 
30 bons or even the individual optical fibres housed in 
a cable possess any layered coating providing an 
inner layer of lower modulus of elasticity than a 
layer external to the former, said layers being lo- 
cated in the cable in a predetermined elastic ten - 
35 si on state. 

It is understood that modifications and vari- 
ations can be made to the invention as conceived, 
all of them falling within the scope of the inventive 
idea. 

40 

Claims 

1. An optical fibre telecommunications cable 
comprising at least a first and a second ribbon 

45 (1a, 1e) of optical fibres (2), each provided with 

at least a primary layered coating (3) compris- 
ing a first layer (5), in contact with the optical 
fibre, having a lower modulus of elasticity than 
a second layer (6) external thereto, a housing 

so structure (9) forming at least a closed housing 

(10) for said ribbons, extending in a helical 
manner along the groove axis and closed to 
the outside by a wall (11), in which the ribbons 
are radially superposed, and a pulling element 

55 (14), characterized in that said first ribbon (1a) 

is located in the housing (10) so that it may 
exert a first pressure on the bottom thereof at 
a temperature of 20 'C, and said second rib- 
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bon (le) is located in the housing so that it 
may exert a second pressure lower than the 
first pressure on said first ribbon (1a) or on the 
radially underlying ribbon, the value of said 
first pressure and the ratio between said sec- 
ond pressure and said first pressure being 
such that an important radial travel of both 
ribbons to the outside (11) of the housing (10) 
is prevented correspondingly to a temperature 
decrease as far as a predetermined value, and 
respectively, that said first ribbon (1a) is pre- 
vented from moving away from the housing 
(10) bottom by a distance greater than the 
moving-away distance covered by the second 
ribbon (1e). 

2. An optical fibre telecommunications cable ac- 
cording to claim 1, characterized in that said 
predetermined temperature value ranges be- 
tween -40 and 0 * C. 

3. A cable according to claim 1, characterized in 
that at a temperature of 20 * C said longitudinal 
tension value in at least the radially innermost 
ribbon (1a) in said housing (10) is lower than or 
equal to a value that becomes zero, due to the 
thermal contraction of the core (9), at the tem- 
perature (Ta) corresponding to an increment of 
the modulus of elasticity of said first layer (5) 
beyond a predetermined value. 

4. A cable according to claim 3, characterized in 
that said predetermined value is lower than or 
equal to 50 MPa. 

5. A cable according to claim 1, characterized in 
that the elastic tension of the radially innermost 
ribbon (1e) in each housing (10) has such a 
value that it corresponds to a contact of said 
ribbon (1e) with said outer wall (11) to the 
same temperature as the minimum operating 
temperature (T mjn ) provided for the cable or to 
a lower temperature. 

6. A cable according to claim 1, characterized in 
that the value of the longitudinal tension ap- 
plied to the radially innermost ribbon (1a) in 
each housing (10) is lower than a value that 
becomes zero, due to the thermal contraction 
of the core (9), to the temperature (Ta) cor- 
responding to the decrease under 10 of the 
ratio between the moduli of elasticity of said 
second (6) and first (5) layers of the fibre 
primary coating (3). 

7. A cable according to claim 1, characterized in 
that the elastic longitudinal tension applied to 
each of said ribbons (1a, 1b, 1c, 1d, le) is 



provided to be stepwise decreasing from the 
innermost to the outermost ribbons. 

8. A cable according to claim 1, characterized in 
5 that said elastic longitudinal tension in each of 

said ribbons (1a, 1b, 1c, Id, le) is in the range 
of 15 g to 150 g for each optical fibre (2) 
present in each ribbon, at a temperature of 
20 'C. 

10 

9. A cable according to claim 1, characterized in 
that the value of the elastic elongation existing 
in each ribbon (1a, 1b, 1c, 1d, 1e) by effect of 
the applied tension is included between 0.2 

15 per thousand and 1.8 per thousand, at a tem- 

perature of 20* C. 

10. A cable according to claim 7, characterized in 
that said tension applied to each of said rib- 

20 bons (1a, 1b, 1c, 1d, 1e) corresponds to a 

difference in the elastic elongation between 
one ribbon and the ribbon radially superposed 
thereto included between 0.05 per thousand 
and 0.4 per thousand, at a temperature of 

25 20* C. 

11. A cable according to claim 1, characterized in 
that the tension reduction to zero at least in the 
radially outermost ribbon (1e) due to the ther- 

30 mal contraction of the core (9) occurs at a 

temperature lower than or equal to the mini- 
mum operating temperature provided for the 
cable. 

35 12. A cable according to claim 1, characterized in 
that a space existing between the radially out- 
ermost ribbon (1e) and said outer wall (11) is 
lower than 1 .5 times the ribbon thickness. 

40 13. A cable according to claim 1, characterized in 
that the helix pitch in the housings (10) is in 
the range of 200 mm to 1000 mm. 

14. An optical fibre telecommunications cable ac- 

45 cording to claim 1, comprising: 

- a cylindrical core (9) provided on the 
outer surface thereof with at least a 
groove (10) extending in a helical manner 
around the cable axis; 

so - two or more ribbons (1a, 1b, 1c, id, le) 

radially superposed within at least one of 
said grooves (10), each of said ribbons 
(1a, lb. 1c, 1d, le) comprising a plurality 
of optical fibres (2) disposed in side by 

55 side relation, each fibre being covered 

with a primary layered coating (3) in 
which a first layer (5) directly in contact 
with the fibre (2) has "a modulus of elas- 
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ticity lower than a second layer (6) exter- 
nal thereto, said fibres being further cov- 
ered with a common coating (4), 

- an outer wall (11) defining, in cooperation 
with said grooves (10), corresponding 
closed housings in which said optical fi- 
bre ribbons (la, 1b, 1c, 1b, 1e) are lo- 
cated, 

- a pulling element (14), 
characterized in that said ribbons (1a. 1b, 1c, 
1d, 1e) are in a state of longitudinal elastic 
tension, the tension present in the innermost 
ribbon (1a) in contact with the respective 
groove bottom being greater than the longitudi- 
nal tension present in the outermost ribbon 
(1e) facing said outer wall (11). 

15. A cable according to claim 14, characterized in 
that the diameter of said cylindrical core (9) is 
in the range of 4 mm to 20 mm. 

16. A cable according to claim 14, characterized in 
that the cylindrical core (9) has an inner 
strength member (8) coaxial therewith. 

17. A cable according to claim 16, characterized in 
that the inner strength member (8) of the cylin- 
drical grooved core (9) is made of fibre-re- 
inforced plastic material. 

18. A cable, according to claim 14, characterized in 
that the pulling element (14) is disposed at the 
outside of the grooved core. 

19. A cable according to claim 18, characterized in 
that the pulling element (14) is geometrically 
de-coupled from the core. 

20. A cable according to claim 18, characterized in 
that the pulling element (14) is formed with 
filiform cordlike elements made of a tension- 
resisting material. 

21. A process to make a grooved-core cable for 
ribbon optical fibres comprising the steps of: 

- forming a cylindrical core (9) provided 
with one or more grooves (10) extending 
in a helical manner along its axis, 

- keeping said grooved core (9) in an ex- 
tended condition in a predetermined 
elastic tension state, 

- putting at least a pair of ribbons (1a, 1b, 
1c, Id, le) in at least one of said 
grooves (10) in a radially superposed re- 
lation, each of said ribbons (1a, lb, 1c, 
1d, 1e) comprising a plurality of optical 
fibres (2) each having a primary layered 
coating comprising one layer (5) in con- 
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tact with the optical fibre (2) and a sec- 
ond layer (6) external to said first layer 
(5), and a secondary coating (4) common 
to said optical fibres forming one ribbon 
(1), the modulus of elasticity of said first 
layer (5) being lower than the modulus of 
elasticity of said second layer (6), 

- applying an outer wall (11) around said 
cylindrical core (9), which wall (11), in 
cooperation with said grooves (10), de- 
fines corresponding closed housings in 
which said optical fibre ribbons (1a, 1b, 
1c, 1d, 1e) are located, 

- applying a pulling element (14) to said 
core (9), 

characterized in that during the step in which 
the ribbons (1a, 1b, 1c. id, 1e) are put into the 
grooves (10), the ribbons themselves are kept 
in an elastic longitudinal tension state giving 
rise to an elastic deformation in the ribbons 
substantially greater than that of the grooved 
core (9), said longitudinal tension applied to 
each ribbon (1a, 1b, 1c, 1d, 1e) being greater 
than the longitudinal tension applied to the 
ribbon radially external to the former. 

22. A process according to claim 21, characterized 
in that said elastic longitudinal tension applied 
to each of said ribbons (1a, 1b, 1c, 1d, 1e) is 
included between 15 g and 150 g for each 
optical fibre (2) present in each of said ribbons 
(1a, 1b, 1c, 1d, 1e) at a temperature of 20' C. 

23. A process according to claim 21, characterized 
in that the value of the percent elongation 
produced on each ribbon (1a t 1b, 1c, 1d, 1e) 
by effect of the applied tension is comprised 
between 0.2 per thousand and 1.8 per thou- 
sand at a temperature of 20" C. 



24. A process according to claim 21, characterized 
in that the tension applied to each of said 
ribbons (1a, 1b, 1c, 1d, 1e) corresponds to a 
variation in the elongation between one ribbon 

45 (1a, 1b, 1c, id, 1e) and the ribbon radially 

overlying it in the range of 0.05 per thousand 
to 0.4 per thousand, at a temperature of 20 s C. 

25. A process according to claim 21 , characterized 
so in that during the step in which the ribbons (1a, 

1b, 1c, 1d, 1e) are put into said grooves (10), 
said cylindrical core (9) is submitted to a lon- 
gitudinal pulling action causing an elongation 
of said core (9) not higher than one per thou- 
55 sand, at a temperature of 20 * C. 

26. A process according to claim 25, characterized 
in that the core elongation is of the elastic 
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type. 

27. A process according to claim 21. characterized 
in that the cylindrical-core (9) formation step 
comprises the extrusion moulding of the core 5 
coaxially about an inner cylindrical strength 
member (8). 

28. A process according to claim 21 , characterized 

in that the inner cylindrical strength member io 
<8) is made of a fibre-reinforced plastic ma- 
terial. 

29. A process according to claim 21 , characterized 

in that the application of the pulling element is 
(14) to said core (9) comprises the step of 
disposing an armouring (14) of pull-resisting 
fibres around said outer wall (11). 
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prises a cylindrical core (9) provided, on the outer 
surface thereof, with parallel grooves (10) extending 
in a helical manner along the cable axis, at least a 
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the fibres (2) and a second layer (6) external to the 
first layer (5), the modulus of elasticity of said first 
layer (5) being lower than the modulus of elasticity 
of said second layer (6). Applied to each ribbon (1a, 
1b, 1c, 1d, 1e) is a longitudinal tension greater than 
the longitudinal tension applied to the ribbon radially 
overlying the former. 

The process for making this ribbon optical fibre 
cable provides for the ribbons (1) being laid into the 
grooves by applying to each ribbon (1a, lb, 1c, 1d, 
1e) a longitudinal tension greater than the longitudi- 
nal tension applied to the ribbon radially superposed 
thereto. 
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